were administered to regressed hamsters for 6 weeks. In Experiment 3, the ability of kisspeptin to block 38 gonadal regression was tested; hamsters transferred to short days received daily injections of kisspeptin 39 for 6 weeks. In all three studies, short-day animals receiving exogenous kisspeptin did not differ from 40 short-day controls. Collectively, these results provide evidence that mechanisms in addition to those that 41 converge on the kisspeptin system are likely critical for seasonal changes in the reproductive axis. 
a b s t r a c t

25
In order to reproduce successfully, animals must integrate multiple environmental cues to synchronize 26 breeding with favorable conditions. In temperate seasonally breeding rodents, photoperiod acts as the hamsters by treatment prior to and during regression. In Experiments 1 and 2 we tested the ability of 35 kisspeptin to reverse gonadal regression. In Experiment 1, reproductively regressed hamsters received 36 chronic kisspeptin via osmotic mini-pumps for 4 weeks. In Experiment 2, daily injections of kisspeptin 37 were administered to regressed hamsters for 6 weeks. In Experiment 3, the ability of kisspeptin to block 38 gonadal regression was tested; hamsters transferred to short days received daily injections of kisspeptin 39 for 6 weeks. In all three studies, short-day animals receiving exogenous kisspeptin did not differ from 40 short-day controls. Collectively, these results provide evidence that mechanisms in addition to those that 41 converge on the kisspeptin system are likely critical for seasonal changes in the reproductive axis. limiting breeding to times of the year that ensure offspring birth 53 in the spring and summer (Bronson, 1989) . Although a wide range 54 of factors change seasonally, most north-temperate species utilize 55 photoperiod (day length) as the principal environmental signal 56 indicating time of year (Bronson, 1989 120 sought to further elucidate the source of these species differences 121 in the functional role of kisspeptin.
122
The goal of the current study was to test the hypothesis that . Long-day animals served as 165 a control group and had a mini-pump filled with vehicle alone. Because long-day 166 animals are already reproductive we chose not to administer kisspeptin to these 167 animals. Short-day animals were implanted with mini-pumps that were either 168 filled with kisspeptin-10 or PBS vehicle. Baseline blood samples were collected 169 via puncture of the retro orbital sinus under light anesthesia prior to implantation 170 and subsequent samples were taken after 14 and 28 days to measure circulating 171 levels of LH. Blood was centrifuged at 2500 RPM for 30 min and serum was col-172 lected and stored at À80°C until assayed for hormones. After the final blood sample 173 was collected, the hamsters were weighed, then killed and necropsies were per-174 formed. Gonads were excised, cleaned of fat and connective tissue and weighed 175 to the nearest 0.001 g. 176 Importantly, short-day animals display a polymorphism in reproductive re-177 sponse to photoperiod, and were subdivided into responders and non-responders.
178 Reproductive non-responders fail to respond to photoperiodic information and re-179 main reproductively active despite exposure to short days (Kliman and Lynch, 180 1992; Lynch and Lynch, 1986; Prendergast et al., 2001); the remaining animals 181 (i.e., responders), in contrast, display the typical gonadal regression in response 182 to short days. Additionally, whereas short-day responsive (non-reproductive) ani-183 mals molt their breeding season pelage and replace it with a thicker whiter fur, 184 reproductive non-responders maintain their breeding season pelage. Pelage colora-185 tion was noted throughout the duration of the experiment. We designated hamsters 186 as reproductive non-responders based on pelage color combined with final paired 187 testes mass. Five short-day vehicle treated animals had paired testes weighing 188 >0.1 g and were deemed non-responders (mean responder paired testes mass: 189 0.047 ± 0.003 g; mean non-responder paired testes mass 0.191 ± 0.025 g). Only 190 one out of 10 short-day kisspeptin-implanted animals had paired testes mass 191 >0.1 g and displayed no change in pelage, thus this animal was determined to be 192 a non-responder (mean responder paired testes mass: 0.040 ± 0.002 g; non-respon-193 der paired testes mass: 0.582 g). As only one short-day non-responsive animal re-194 ceived a kisspeptin filled mini-pumps, precluding statistical comparisons, all six 195 non-responders were excluded from further analysis, yielding three treatment 196 groups: long-day vehicle (n = 6), short-day responder kisspeptin (n = 9), and 197 short-day responder vehicle pump (n = 5). (Greives et al., 2007) . To this end, we administered long-day housed 208 hamsters either a single 100 ll i.p. injection of either vehicle (n = 5) or 10 lM kiss-209 peptin in 0.1MPBS (1.3 lg kisspeptin/animal) (n = 6). Blood samples were obtained 210 as described in Experiment 1 prior to injection (baseline) and 30 min post-injection. 211 Serum was collected and analyzed for LH via RIA. 212 To verify the effectiveness of a single administration of kisspeptin and to deter-213 mine a physiologically relevant dose for short-day housed animals, short-day 214 responsive (i.e., non-reproductive) male hamsters received a single 100 ll injection 215 of either vehicle (0.1 M PBS) (n = 5), 1 lM (0.13 lg kisspeptin/animal) (n = 6) or 216 10 lM kisspetpin-10 in 0.1 M PBS (1.3 lg kisspeptin/animal) (n = 5). Blood samples 217 were obtained as described in Experiment 1 prior to injection (baseline) and 30 min 218 post-injection. Serum was collected and analyzed for LH via RIA. 219 2.3.2. Administration of daily injections on gonadal recrudescence 220 A single peripheral, daily injection was administered for 6 weeks to adult male 221 hamsters in an attempt to reverse gonadal regression. One single daily injection was 222 administered based on the results of the pilot study described above. Furthermore,
this decision was based on a previous finding that a single peripheral daily injection 224 of the glutamate agonist NMDA was sufficient to block gonadal regression in Sibe-225 rian hamsters (Ebling et al., 1995) . 226
Hamsters were weighed and individually housed in either long-(n = 10) or 227 short-day (n = 35) photoperiods for 8 weeks. After 8 weeks, body mass was mea-228 sured again. Responsiveness to short-day photoperiods in these animals was as-229 sessed prior to manipulation via estimated testis volume (ETV) as previously 230 described (Gorman and Zucker, 1995) and a significant reduction in body mass. Ani-231 mals that lost >10% of their original body mass were deemed responsive to short-232 day photoperiods, all others were excluded from the remainder of the experiment. 233
Short-day induced gonadal regression was confirmed in these individuals by mea-234 suring ETV, where ETV is equal to the product of the testis width squared times tes-235 tis length (Gorman and Zucker, 1995). Short-day responsive hamsters had 236 significantly smaller testes than long-day hamsters (mean long-day ETV: 237 684.5 ± 34.1; mean short-day responsive ETV: 137.2 ± 18.7) (one-way ANOVA: 238 p < 0.05). 239
After confirmation of photoperiodic responsiveness, daily peripheral (i.p.) injec-240 tions were administered for the following 6 weeks between 14:00 and 14:45 EST 241
(1.25-2 h prior to lights off in short-day animals and 5.25-6 h prior to lights of in 242 long-days animals). All long days animals received 100 ll of 0.1 M PBS vehicle 243 (n = 10). Short-day regressed animals were provided with daily injections of 244 100 ll of either 0.1 M PBS vehicle (n = 12) or 10 lM kisspeptin-10 in 0.1 M PBS, pro-245 viding 1.3 lg kisspeptin per animal (n = 12). The day following the final administra-246 tion of daily injections a blood sample was collected as described in Experiment 1 247 for analysis of circulating testosterone levels, final body masses recorded and necr-248 opsies were performed; gonads were excised, cleaned of fat and connective tissue 249 and paired testes weighed to the nearest 0.001 g. 250 2.4. Experiment 3: does daily kisspeptin treatment block gonadal regression?
251
Hamsters were weighed and individually housed in either long-(n = 10) or 252 short-day (n = 39) photoperiods. We attempted to identify short-day responsive 253 animals before regression began, after 2 weeks in photoperiod. Previous data from 254 our laboratory indicated that responsive animals display a decrease in body but not 255 testis mass after 2 weeks in photoperiod (G.
E. Demas unpublished data). No animals 256
in the present study, however, displayed a significant decrease in body mass after 2 257 weeks in short-day photoperiods. Therefore, only animals that gained mass after 2 258 weeks in short-day photoperiod were excluded from the remainder of the experi-259 ment. As non-responsiveness is a genetically controlled trait (Lynch and Lynch,  260 1986), siblings were separated into each of the three treatments to reduce any po-261 tential bias of non-responsiveness and all animals were included in the final 262 analysis.
263
After 2 weeks in photoperiod we initiated administration of daily peripheral 264 (i.p.) injections, which continued for 6 weeks. Daily injections were administered 265 between 14:00 and 14:45 EST (1.25-2 h prior to lights off in short-day animals 266 and 5.25-6 h prior to lights off in long-days animals). All long-day animals 267 served as controls and received a daily injection of 100 ll 0.1 M PBS vehicle 268 (n = 10). Short-day animals received a daily injection of 100 ll of either vehicle 269 (n = 15) or 10 lM kisspeptin-10 in 0.1 M PBS, providing 1.3 lg kisspeptin per ani-270 mal (n = 16). After 8 weeks in photoperiod (6 weeks of injections) a blood sample 271 was collected the day after the final injection for analysis of circulating testoster-272 one levels, final body mass recorded, and necropsies were performed. Gonads 273 were excised, cleaned of fat and connective tissue and paired testes weighed 274 to the nearest 0.001 g. based on a previous protocol (Chappell et al., 1997) . The sensitivity for the LH assay 285 was 0.01 ng/tube and the intra-assay coefficient of variation was 8.57% for the low 286 pool and 1.83% for the high pool. The sensitivity for the FSH assay was 0.05 ng/tube, 287 and the intra-assay coefficient of variation was 15.3% for the low pool and 8.3% for 288 the high pool. 289
Serum testosterone was measured via a commercial EIA kit (Correlate-EIA Kit 290 #900-065; Assay Designs, Ann Arbor, MI). Serum samples were diluted 1:20 and 291 run in duplicate for each sample. The sensitivity of the assay was 3.82 pg/ml and 292 the intra-assay coefficient of variation ranged from 0.7% to 9.5% and the inter-assay 293 coefficient of variation was 8.9%. 294
The antisera used in all assays were highly specific for the hormones mea-295 sured, with low cross-reactivity with other hormones. 
Statistical analyses
299 Photoperiod and injection or mini-pump regime yielded three distinct treat-300 ment groups (i.e., long-day vehicle, short-day vehicle, short-day kisspeptin). Effect 301 of treatment was analyzed using separate one-way ANOVAs. Pair-wise comparisons 302 were probed using Tukey's post hoc tests. Paired t-tests were employed to validate 303 the ability of a single 10 lM kisspeptin injection in long days and either a single 10 304 and 1 lM kisspeptin injection in short days to elevate circulating levels of LH. We 305 also investigated the ability of kisspeptin injections to elevate LH after 6 weeks of 306 daily injections by comparing LH values on a subset of vehicle (n = 4) or kisspeptin 307 (n = 6) injected animals from Experiments 2 and 3 after the final injection. As kiss-308 peptin has been shown repeatedly to significantly elevate LH levels in our labora-309 tory (e.g., Greives et al., 2007) , the effect of the type of injection on LH levels was 310 compared using a one-tailed t-test. Additionally, as the effect of kisspeptin injec-311 tions on FSH levels is unknown, a two-tailed t-test was used to compare vehicle ver-312 sus kisspeptin injected animals; these samples were from the same animals in 313 Experiments 2 and 3 used to determine LH values. Comparisons were deemed sig-314 nificant when p < 0.05. All analyses were performed on Minitab 14 for Windows. There was no effect of treatment on circulating levels of LH 328 (p > 0.05) (Fig. 1b) . Interestingly, two short-day individuals with 329 kisspeptin mini-pumps displayed LH levels similar to all other ani- (Fig. 2a) . (Fig. 2b) . (Table 1) . Long-day vehicle injected hamsters were significantly 372 heavier than both short-day vehicle injected (t = À4.93, p < 0.001) 373 and short-day kisspeptin injected hamsters (t = À6.81, p < 0.001). (Fig. 3b) . mals that had received 6 weeks of daily injections elicited an Fig. 1 . Chronic kisspeptin provided via osmotic mini-pump had no detectable effect on paired testis mass (a) or circulating levels of LH. Interestingly two of the nine animals (animal numbers 37 and 40) that received a kisspeptin-filled mini-pump displayed no difference in LH levels after 14 days, however after 28 days, these animals displayed elevated LH levels compared to all other groups (>4Â higher) (b). * Indicates p < 0.05. 
elevation in circulating levels of LH using a one-tailed t-test 391 (T 7 = 2.1, p < 0.04) ( (Table 3) . 
